Long-term Changes of Vegetation Season in Context of Spring Barley Phenology in South Moravia
The reference point for the SAT and VS evaluation is the grid point situated in the town of Břeclav at the altitude of 197 MASL. For a longer retrospective comparison , data from the publication "Agroclimatic conditions" by Kurpelová, Coufal and Čulík (1975) for the Židlochovice station in 185 MASL were employed. The distance between the Židlochovice station and the town of Břeclav is about 30 km (in Fig. 2 and 3 marked with *).
Onset of phenological phases in spring barley
The assessment of phenological phase onset deals with the phenological data observed on the CHMI station of Branišovice. The station is located about 30 km from the reference point in Břeclav and was chosen because of its longest available data set (i.e. 1961-2012) . The summary of the studied phenophases and their descriptions are displayed in Table 1 . Piffl ová et. al, 1956) 
Table 1 Description of the investigated phenophases (according to

Phenophasis Description Sowing (SD)
The seeds are worked into the fi eld.
Emergency (Em)
The fi rst aboveground parts of plants could be observed in the fi eld. The crop is beginning to create visible rows. Young plants of barley are yellow-green.
Tillering (Ti)
More than a half of all plants have been tillering already. In the axil of the lower leaf, an approximately 1-cm long peak of the coiled leaf has developed. The tillering begins several days after the third leaf is uncoiled.
Heading (He)
A half of an ear is taken out from the sheath of the highest leaf.
Fully ripe (FR)
More than a half of all plants are in the following state: The grains are dry, heavy and hard to break. The grain matter is rough, mealy or glassy.
Harvest (HD)
The day when the harvest begins.
The average value of phenophases onset and the beginning of agronomic practices of three long-term periods (1931-1960, 1960-1990, and 1991-2012) have been compared. For a longer retrospective comparison , data from the publication "Agroclimatic conditions" by Kurpelová, Coufal and Čulík (1975) for the Pohořelice station in 183 MASL were used. The distance between the Židlochovice station and the town of Břeclav is about 30 km. Apart from that, the trend analysis of individual phenophases and practices onset during 1961-1990 was carried out.
Additionally, the average data of two long-term periods, 1931-1960 and 1961-1990 , from other stations with similar climatic condition and altitude (Hodonín: 190 MASL, Tvrdonice: 170 MASL, Němčice nad Hanou: 204 MASL, Holešov: 220 MASL) were compared to confi rm the conclusion in regard to the long-term changes of the phenophases. Fig. 1 shows the map of all stations included into the evaluation.
the sum of active temperature (SAT). SAT refl ects the rate of saturation of a plant´s temperature demands and is also used as the criterion of crops planting regionalization. Daily average values of 0, 5, 10, and 15 °C are considered as the temperature thresholds. The effective temperature then means also the sum of the daily/hourly average temperature exceeding the threshold when the value of the threshold is subtracted. The on-going increase in temperature which is, according to Lobell and Field (2007) , put down to the climate change, will also cause the increase in the sum of the effective temperature that would induce shortening of phenological phases, which has unfavourable impact on the yield.
For instance, Remišová and Vinceová (2006) indicated the shift of the winter rape fl owering onset in Slovakia (i.e. under comparable climatic conditions) during the period 1996-2005 towards to earlier terms in reaction to March and April temperatures. An accelerated plant development, i.e. the shortening of phenophases (mainly the generative ones) is negative to a certain extent because it limits the yield.
Yield and its quality are markedly affected by the length of the vegetation season. Partial vegetation seasons are connected with given values of daily average values of air temperature. First, we can distinguish the great vegetation season determined by the beginning and the end of the season with the daily average temperature above 5 °C (VO 5), secondly, there is the main vegetation season (temperature of 10 °C) -VO 10, and fi nally, there is the vegetation summer (temperature of 15 °C) -VO 15. During VO 15, intense growth and maturation occur (Sobíšek et al., 1993) . Šiška and Takáč (2008) suggest that the vegetation season could be prolonged to up to 21 days by the year 2020 and up to one month by the year 2050 because of the temperature increase.
The analysis of the data from international phenological gardens (IPG) from 1969-1998 proved 8 days acceleration of the beginning of the vegetation season in Europe.
The observed trend corresponds with the changes of the air temperature and is considered to be a consequence of the global warming. According to Chmielewski and Rötzer (2001) , the increase in the average January and February temperatures (by 1 °C) causes a 7-day earlier beginning of the vegetation season.
The climatic conditions as well as the actual weather situation infl uence the phenological phases onset to a certain extent (Črepinšek, 2002; Wielgolaski, 2003) . Ahas (1999) ; Beaubien and Freeland (2000) described the marked trend of the earlier spring onset of vegetation in different parts of Europe, and even in the USA and Canada.
An assessment of phenological data from the period 1940-2008 detected an earlier onset of the phenophase beginning of fl owering in case of apricot by about 13 days, i.e. 2 days per decade under the climatic conditions of the Czech Republic (Středa et al., 2009 ).
■ 2 MATERIALS AND METHODS
Characteristics of a vegetation season
• Sum of active temperature exceeding 5, 10, 15 °C (SAT 5, SAT 10 a SAT 15) • Length of the great and the main vegetation season and the length of the vegetation summer (VS 5, VS 10 a VS 15) SATs and VSs were evaluated during four long-term periods (1931-1960, 1961-1990, 2021-2050, and 2071-2100) . The evaluation is based on "technical data series" (TDS) that are created in the Czech Hydrometeorological Institute (CHMI). TDS represents a fully homogenized database of daily values of climatic elements (such as mean, minimum and maximum air temperature, precipitation total, mean air humidity etc.) in a 10 km grid (i.e. 787 points) for the entire area of the Czech Republic from 1961 up to the present. TDS is based on the data from standard measurement on the climatologic station network and deals with the regional climatic model (RCM) ALADIN-Climate/CZ which is driven by the global climatic model ARPEGE-Climate.
Moreover, future climate conditions by up to the year 2100 can be predicted by means of the "scenario data series" (SDS) created in CHMI. SDS deals also with RCM ALADIN-Climate/CZ, and besides that, with the emissions scenario A1B (according to IPPC). The SDS network corresponds with the TDS network (i.e. 787 points in a 10 km grid).
The grid creation and all data processing including TDR and SDS have been implemented by the Pro ClimDB software (Štěpánek, 2007) .
Fig. 1 Map of the area of interest with localizations of the individual stations
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ber) and also in the whole year (Fig. 2) . The SAT 5 of was by about 204 °C higher in comparison with . Its further 644 °C or 1250 °C increase has been predicted for 2021-2050 or 2070-2100 respectively (again, compared with the period of ).
An analogous rise was also proven in case of SAT 10 (by 193 °C or 597 °C or 1210 °C higher values in 1961-1990, 2021-2050 and ■ 3 RESULTS AND DISCUSSION
Vegetation season
The comparison of three long-term periods proved gradual increase of SAT 5, 10, 15 in all months (January to December), in all seasons (DJF-December, January, February, MAM-March, April, May, JJA-June, July, August, SON-September, October, Novem- 
Phenological analysis
The evaluation of the average onset of phenophases (Em, He) and the beginning of agronomic practices (SD, HD) proved gradual prolongation of the interval between SD and HD (growing season-GS) from 1931-1960 through 1961-1990 to 1991-2012. In terms of phenology, the prolongation of the interval between SD and Em and the interval between He and HD on one hand, and shortening of the interval between Em and He on the other hand (Fig. 4) is more interesting. These conclusions are confi rmed by the 
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comparison of two long-term periods from 1931 to 1990 for several other stations in south Moravia ( Table 2) .
The trend analysis of phenophases and practices onset proved a signifi cant 12-day delay of the HD beginning in the frame of a 30-year period 1961-1990 (see Fig. 5 ). It might be explained by the climate change but rather by a more effective mechanization that has been used recently. Modern agronomy machinery allows making harvest in a much shorter time, so the harvest day can be adjusted. However, this conclusion is not confi rmed by the results of the trend analysis of other stations (see Fig. 1 ). Apart from the signifi cant 14-day earlier onset of Em in Holešov (which could be to some extent explained by SD, thereby by agronomy machinery development again), there is no signifi cant trend at all.
■ 4 CONCLUSION
The aim of the paper was to compare the vegetation season characteristics i.e. the sum of the active temperature (SAT 5, SAT 10, and SAT 15) and the length of the vegetation season (VS 5, VS 10, and VS 15) among four long-term periods (1931-1960, 1961-1990, 2021-2050 and 2071-2100) . The evaluation was based on TDS created in CHMI. The fi ndings were subsequently confronted with the results of the phenological phases onset of spring barley based on the phenological data observed by CHMI. The research was conducted on several localities in south Moravia. The comparison of SAT and VS length proved their gradual increase and prolongation from 1931-1961 to 2071-2100. The evaluation of the average SD and HD proved gradual prolongation of the interval between them from 1931-1960 through 1961-1990 to 1991-2012 . The analyses of phonological phases onset confi rmed the prolongation of the interval between SD and Em and shortening of the interval between He and HD and between Em and He. A thirty-year trend analysis of spring barley phenophases did not prove almost any signifi cant changes, except for the 12-day delay of the HD beginning, which was probably caused by a more effective mechanization.
